Background and Purpose-Low cardiorespiratory fitness is associated with increased risk of cardiovascular disease. The present study aims to assess whether change of fitness over time has any impact on long-term risk of stroke and death. Methods-We recruited healthy men aged 40 to 59 years in 1972 to 1975, and followed them until 2007. Physical fitness was assessed with a bicycle ECG test at baseline and again at 7 years, by dividing the total exercise work by body weight. Participants were categorized as remained fit, became unfit, remained unfit, or became fit, depending on whether fitness remained or crossed the median values from baseline to the 7-year visit. Outcome data were collected up to 35 years, from study visits, hospital records, and the National Cause of Death Registry. Risks of stroke and death were estimated by Cox regression analyses and expressed as hazard ratios (HRs) with 95% CIs. Results-Of 2014 participants, 1403 were assessed both at baseline and again at 7 years, and were followed for a mean of 23. 
C ardiovascular disease is largely preventable, and clinical guidelines emphasize the importance of primary prevention, including physical exercise. 1 Observational studies have shown that low self-reported physical activity 2 and low objectively measured cardiorespiratory fitness [3] [4] [5] [6] [7] [8] [9] at baseline are both associated with increased risk of cardiovascular disease and death, although the association is stronger for objectively measured low fitness. 10, 11 Other studies have shown that improved objectively measured fitness over time, but not self-reported physical activity, is associated with a reduction in risk. [12] [13] [14] [15] [16] These benefits can be mediated through changes in traditional risk factors, such as blood pressure 17 and atrial fibrillation, 18 but direct beneficial effects on vascular, hematologic, immunologic, and nervous systems have also been suggested. [19] [20] [21] [22] Physical exercise is also an important element in clinical guidelines for prevention of stroke, 23 but evidence is limited and experts have recommended more research into the role of fitness in stroke prevention. 24 A few observational studies have indicated that low fitness is associated with an increased stroke risk, [25] [26] [27] [28] [29] [30] but we are not aware of studies that have assessed whether change in fitness over time affects the risk of future stroke. Improvement of physical fitness has also been associated with lower risk of death. 14 In the present study we aimed to assess if improved fitness over time is associated with a lower risk of stroke and death during long-term follow-up of healthy middle-aged men, using data from the Oslo Ischemia Study.
Methods
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January 2019 purpose of the study was to identify risk factors for development of cardio-and cerebrovascular disease during long-term follow-up of healthy, middle-aged men. Men with the following diseases or conditions were excluded from participation: prior stroke or transient ischemic attack, known or suspected coronary heart disease or other heart diseases, including atrial fibrillation, pharmacologically treated arterial hypertension, diabetes mellitus, malignancy diagnosed during the past 5 years, other serious diseases (eg, chronic hepatic, renal, or pulmonary diseases), or any condition requiring long-term drug treatment. At baseline and at the first study visit 7 years later (between 1979 and 1982), participants underwent clinical examination, recording of ECG, sampling of blood for laboratory analysis, questionnaires, and a bicycle exercise ECG test. For the purpose of the present analysis we included only participants who completed an exercise test both at baseline and at the first study visit at 7 years. The exercise ECG test was performed on a Siemens Elema ergometer bicycle, starting at a workload of 600 kpm/min (equivalent to 5.5 kcal/kg per hour, or 5.5 metabolic equivalent of tasks [METs]), and with increments of 300 kpm/min every 6 minutes. The participants were encouraged to continue until exhaustion, using common safeguard rules for terminating the test. Blood pressure was measured at 1, 3, and 5 minutes into each workload step, and right after termination of the test. Heart rate was simultaneously measured from ECG. Cardiorespiratory fitness was defined as the cumulative energy expenditure per body weight (sum of work on each step, measured in kcal/kg), standardized for age. The standardization was based on first using regression to estimate the expected loss in fitness per year of increasing age. For each participant this expected loss was multiplied by the actual age minus the median age, and this product was added to the measured fitness. The gold standard for assessment of fitness, maximal oxygen uptake, was not widely available at the time of the study, and, as the workload was increased only every 6 minutes and not every minute, the energy expenditure per time at the final load (measured in METs) was too imprecise to be used as a measure of cardiorespiratory fitness.
Participants were divided into 4 groups, depending on their relative cardiorespiratory fitness at baseline compared with their relative fitness at the first follow-up visit ( Figure I in the online-only Data Supplement). Those who had a fitness level equal to or above the median value at baseline were categorized as remained fit if they remained above the median at visit 1, or as became unfit if they crossed the median at visit 1. Those who had a fitness level below the median value at baseline were categorized as remained unfit if they remained below the median at visit 1, or became fit if they crossed the median at visit 1. In a supplementary analysis we also used 3 different absolute fitness thresholds around the median thresholds (30, 35 , and 40 kcal/kg) and similarly divided patients into 4 groups, depending on change in fitness level between the 2 visits. Finally, we divided participants into quartiles of relative change in fitness between the 2 visits (value of fitness at visit 1 divided by value at baseline).
After the baseline examination, study visits took place in 1979 to 1982, 1989 to 1990, and 1994 to 1995. At each visit we collected information on stroke, transient ischemic attack, myocardial infarction, atrial fibrillation, hypertension, diabetes mellitus, other clinical events, and death. We also extracted information on these events from hospital records and on fatal events from the National Cause of Death Registry up to January 1, 2007. We used clinical and radiological criteria to diagnose ischemic and hemorrhagic stroke, using information collected during visits and screening of hospital records. 31 We also used International Classification of Diseases Ninth Revision and International Classification of Diseases Tenth Revision codes found in hospital records and in the National Cause of Death Registry to diagnose and classify stroke. If the code in the National Cause of Death Registry was unclear, supplementary information from the medical records was used to classify stroke type. Spontaneous subarachnoid hemorrhage was classified as hemorrhagic stroke, whereas subdural/extradural hemorrhages were excluded. Strokes considered to be caused by external mechanisms, such as intensive anticoagulant therapy, cerebral tumor or surgery, were also excluded. If a patient experienced >1 stroke, only the first event was used for analysis. Strokes were classified as fatal if stroke was registered as the cause of death in the National Cause of Death Registry, or if the patient died in the hospital during admission for acute stroke.
We used Cox regression analyses to assess if there were any associations between change in cardiorespiratory fitness and risk of stroke and death, using the medians at baseline and visit 1 as thresholds to define change in fitness. We first estimated hazard ratios for all 4 groups, taking the group with the highest absolute risk as the reference group, and used the log-rank test of the null hypothesis of no difference in risk. We then performed pairwise comparisons of the 2 groups with high fitness at baseline, and of the 2 groups with low fitness at baseline. In a supplementary analysis we used 3 different absolute fitness levels to make the same pairwise comparisons. Finally, in a supplementary analysis we compared groups defined by quartiles of change in cardiorespiratory fitness. We adjusted for potential confounding effects of known risk factors at baseline: age, systolic blood pressure at rest, smoking, total cholesterol, body mass index, resting heart rate, maximal systolic blood pressure during exercise test, and cardiorespiratory fitness. Maximal systolic blood pressure during exercise was included because it has been shown to be a strong risk factor for stroke in this cohort. 32 To explore whether the increased risk of stroke or death could be explained by the occurrence of risk factors during follow-up, we also performed logistic regression to assess the association between change in cardiorespiratory fitness and development of atrial fibrillation, hypertension, and diabetes mellitus during follow-up, adjusting for the same variables.
All participants gave informed consent to participation. The study was approved by the institutional review board at the National Hospital (Rikshospitalet), and received permissions from the Norwegian Data Inspectorate and the Norwegian Board of Health Surveillance (Helsetilsynet) to store and use patient data. The data that support the findings of this study are available from the corresponding author upon reasonable request.
Results
In total, 2341 men met the inclusion criteria, of which 2014 agreed to participate in the Oslo Ischemia Study. Of these, 1403 (69.7%) were eligible for the current analyses ( Figure 1 ). As expected, participants were younger and had a healthier cardiovascular profile than those who were excluded from the analysis (data not shown). The median interval between baseline and visit 1 was 7.2 years (interquartile range 6.9 to 7.8 years). At baseline, 1383 of 1403 participants (99%) completed the starting exercise workload of 5.5 METs, 877 (63%) completed the second (8.25 METs), 127 (9%) the third (11.0 METs), 14 (1%) the fourth (13.75 METs), 1 (0.1%) the fifth (16.5 METs), and none completed the sixth workload (19.25 METs). At baseline, median maximal MET was 11.0 and median fitness was 0.34 kcal/kg (interquartile range 0.28 to 0.42), and at visit 1 median maximal MET was 11.0 and median fitness was 0.31 (interquartile range 0.24 to 0.40). Of the 1403 participants, 545 (38.8%) remained fit, 157 (11.2%) became unfit, 544 (38.8%) remained unfit, and 157 (11.2%) became fit, using the medians to define fitness ( Figure I in the onlineonly Data Supplement). Table 1 shows baseline characteristics in these groups, including maximal METs and fitness. As fitness was age-standardized, there were no age differences between the groups at either visit. There were, however, differences between the groups in resting and maximal systolic blood pressure, smoking, and resting heart rate.
Median follow-up time from visit 1 onwards was 23.6 years (interquartile range 15.3 to 25.5 years). Ascertainment of clinical events was performed for all participants through national hospital and death records. In total, 199 participants had a stroke, of which 178 (89.4%) were ischemic and 21 (10.6%) were hemorrhagic. There were significant differences in risk of stroke between the 4 groups (P from log-rank test <0.001), with highest risk in the became unfit group (reference group), and with lower risk in the remained unfit (hazard ratio [HR] from Cox regression analysis 0.85; 95% CI, 0.54-1.36), remained fit (HR, 0.43; 95% CI, 0.17-0.67), and became fit groups (HR, 0.34; 95% CI, 0.17-0.67; Figure 2 ). Mean age of first stroke in these 4 groups were 73.0, 72.5, 74.6, and 76.8 years, respectively. We also performed pairwise comparisons among participants with high fitness and among participants with low fitness at baseline (Table 2 ). Among those with high fitness at baseline, the became unfit group had a significantly higher stroke risk than the men who remained fit (HR, 2.35; 95% CI, 1.49-3.63), and similar differences were seen for the subtypes of ischemic and hemorrhagic stroke. Among participants with low fitness at baseline, the group that became fit had a significantly lower risk of stroke than the group that remained unfit between the visits (HR, 0.40; 95% CI, 0.21-0.72), with similar differences for the 2 stroke subtypes. Figure 3 shows survival in the 4 groups. Again, there were significant differences (P value from log-rank test <0.001), with highest risk of death in the became unfit group (reference group) and the remained unfit group (HR from Cox regression analysis 0.99; 95% CI, 0.76-1.29), and lower risk in remained fit (HR, 0.57; 95% CI, 0.45-0.74), and became fit groups (HR, 0.65; 95% CI, 0.46-0.90). Mean age of death in these 4 groups were 73.4, 73.9, 77.6, and 75.4 years, respectively. Among participants with high fitness at baseline, the became unfit group had a significantly higher risk of death than those who remained fit (HR, 1.74; 95% CI, 1.35-2.23; Table 2 ), and among those who had low fitness at baseline, the group that became fit, had a significantly lower risk of death than those who remained unfit (HR, 0.66; 95% CI, 0.50-0.85; Table 2 ).
In a supplementary analysis we used 3 different absolute fitness thresholds to categorize change in fitness and found similar results (Tables I and II in Table I in the online-only Data Supplement). Similar differences were observed for risk of death (Table II in In another supplementary analysis we divided change in cardiorespiratory fitness into quartiles of change from baseline to visit 1 (Table III in the online-only Data Supplement), and found that, compared with the quartile with the smallest increase, the quartile with the largest increase in fitness had a significantly lower risk of stroke and death (HR, 0.43; 95% CI, 0.27-0.66; and HR, 0.49; 95% CI, 0.40-0.61), respectively (Table IV in the online-only Data Supplement).
Finally, we analyzed whether the increased risk of stroke or death could be explained by the accumulation of atrial fibrillation, hypertension, or diabetes mellitus during follow-up, but found no significant associations between change in cardiorespiratory fitness and burden of these risk factors (Table V in the online-only Data Supplement).
Discussion
In this study of healthy middle-aged men, we found that decreasing cardiorespiratory fitness during the first 7 years was associated with an increased risk of stroke and death, while increasing the fitness was associated with reduced risk. Among those with fitness initially above the median, decreasing fitness to below the median was associated with a 2-fold increased risk of stroke and death compared with those whose fitness remained above, while crossing the median upwards 
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was associated with half the risk compared with remaining below the median. These associations remained after adjusting for traditional risk factors for cardiovascular disease, and after using different definitions of change in fitness. They are also consistent with the associations between self-reported physical activity 33 and baseline measurements of fitness [25] [26] [27] [28] [29] [30] and risk of stroke or death. Unlike previous studies, however, we have examined how longitudinal gain or loss of fitness influences future risk of stroke. These findings indicate that improving fitness in mid-life in healthy individuals is associated with reduced risk of stroke and increased survival. The Oslo Ischemia Study was initiated in 1972, at a time when measurement of maximal oxygen uptake was not widely available, and when the protocols for bicycle exercise tests were not standardized. Many of the more recent protocols use frequent increments in workload (eg, every minute), and from Cox regression analysis, adjusted for baseline age, systolic blood pressure at rest, smoking, total cholesterol, body mass index, resting heart rate, maximal systolic blood pressure during exercise test, and cardiorespiratory fitness.
define fitness as energy expenditure per body mass per time at the final workload (measured in METs). 34 The protocol used in our study used increments in workload only every 6 minutes, which means that most participants reached only the second or third workload. As a consequence, METs at the final workload is an imprecise measure of physical fitness, and this was the reason why total accumulated energy expenditure, (measured in kcal/kg) was chosen as the measure of cardiovascular fitness. Nearly all participants completed the starting load of ≈5.5 METs in 6 minutes and median final load reached was 11.0 METs, after at least 12 minutes of exercise, indicating that our participants were relatively fit, but the protocol used for the bicycle exercise test in our study makes it difficult to apply our results in contemporary clinical practice.
The analyses showed that participants in the remained fit group had a halved risk of stroke compared with the remained unfit group. Still, the cumulative incidence of strokes was relatively high in the men who remained fit. A possible reason for the relatively high number of strokes in the high fitness group is higher maximal systolic blood pressure in this group. 32 Other studies have found a higher incidence of atrial fibrillation 35 in fit persons, which may offset some of the benefits of cardiorespiratory fitness, and which may also explain the findings of a J-shaped association between physical activity and incident stroke in some studies. 36, 37 Another possible explanation for the relatively high stroke incidence in the remained fit group is survival bias, as men who remained fit outlived the unfit and thereby remained at risk of stroke into old age, when strokes most frequently occur.
It has been suggested that about half of the cardiovascular risk reduction from exercise is explained by reduction in traditional risk factors. 38 With the exception of smoking there were generally small changes in risk factors within groups between visits, and there were no significant differences between groups in accumulation of traditional risk factors such as atrial fibrillation, hypertension, 32 or diabetes mellitus 39 during follow-up. The associations were adjusted for smoking at baseline, so it seems likely that other, direct effects on the vascular, 19 hemostatic, 20 inflammatory, 21 and autonomic nervous systems 22 are involved. The main strengths of this study are the standardized measurements of cardiorespiratory fitness at 2 consecutive visits, the long follow-up of a representative sample of healthy, middle-aged men, and the complete ascertainment of clinical HRs adjusted for baseline age, systolic blood pressure at rest, smoking, total cholesterol, body mass index, resting heart rate, maximal systolic blood pressure during exercise test, and cardiorespiratory fitness. HR indicates hazard ratio. Hazard ratios (HR) from Cox regression analysis, adjusted for baseline age, systolic blood pressure at rest, smoking, total cholesterol, body mass index, resting heart rate, maximal systolic blood pressure during exercise test, and cardiorespiratory fitness.
events during follow-up using hospital records and national registries. The main limitation is the observational nature of the data, and the incomplete control of unmeasured or unknown confounding variables over the course of time. For example, it is possible that subclinical disease reduced the fitness in those who became unfit. Also, we did not have information about lifestyle changes that led to the observed change in fitness. Other limitations include the exclusion of women and nonwhite people, which means that the results cannot be generalized to these groups. Finally, fitness was not assessed by gas exchange analysis, which is now the gold standard for measuring cardiorespiratory fitness, 24 and the protocol for the bicycle exercise test did not allow for METs to be used as the measurement of fitness. 34 In conclusion, cardiorespiratory fitness at baseline, as well as change in fitness seems to have important effects on long-term risk of stroke and death. Further studies using gas exchange analyses to measure fitness are needed to confirm these findings.
